INTRODUCTION
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Students who learn to design and execute experiments are better prepared for postgraduate research and other careers in science. 1 Research-based experiments have also been shown to impart a greater understanding of the nature of science to students, compared to traditional teaching experiments, 2 and research experiences are thought to 30 increase both retention and graduation rates. 3 Traditionally, students developed their research skills during a placement or project in an academic research group via a kind of peer-guided osmosis. 4 However, students can often find this experience daunting, 5 particularly when it does not provide sufficient 35 time or instruction for them to gain the necessary skills to carry out and report an original research project. 6 In response to this, there has been a move in recent years towards introducing research skills beforehand in a formalised classroom setting. 1 These research skills courses are designed to prepare students by introducing them to common research techniques, 7 as well as familiarising students from different cultural 
Box 1. Intended learning outcomes for RLM
On successful completion of this module students are expected to be able to:  plan and manage a research project, including drawing up a Gantt chart and budget;  critically assess and summarise the literature within a specific field;  identify and develop the use of appropriate research techniques, including a health & safety dimension;  work collaboratively in a group to design, carry out and evaluate an experiment;  discuss the ethical and bias implications of the experiment; and  present the results in the form of an individual poster and journal article, including appropriate statistical analyses.
Prior to the 2015-16 academic year, the RLM module covered topics relevant to research planning (e.g., health & safety, budgeting, etc.) but relied heavily on 55 memorisation of material, while providing little active, relevant engagement to reinforce or apply the concepts. 8 In addition, whilst some 'soft' skills (such as experimental design) were taught on the course, acquiring these skills was not specifically rewarded or assessed, leading to a reduced importance in the eyes of the students. 1,9,10 Some key research skills were also missing from the module (e.g., scientific writing) and this was 60 evident in the MSc theses produced by students from previous cohorts, with many making the same basic scientific writing errors. Feedback from the students on the module, by means of standard end-of-semester evaluation forms, was poor, and engagement by the students with the module content was observed to be low by instructors. Students also raised concerns that as the module was heavily information-However, the main contribution to the new module was the inclusion of the Coffee Project, an idea taken from Mabrouk, 12 where students carry out an in-class experiment to determine the effect of pH on the taste of coffee.
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In the original paper, the students carried out the Coffee Project experiment at the end of a research skills and ethics course. The practical element of the Coffee Project (the tasting) was teacher-led and carried out as a group. Each student then used the results as the basis for an individual journal article, which the students went on to peer 100 review. 12 In this study, the Coffee Project concept was introduced at the start of the 10-week course and was student-led. Students were given the brief: "Design, carry out, and write up an experiment to determine the effect of pH on the perceived taste of coffee" and they
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planned each element of the experiment as a group over this period.
During each of the module's sessions, students learned about a different research concept (see Table 1 ) and used it to build up their experimental design. The sessions were designed to help students understand the research process, whilst working in a 110 team environment. 11 Each session started with a brief formative quiz on the assigned set reading. This was followed by a short introductory lecture on that session's topic, and then by assignments to be carried out in small groups (of 3-4).
Each assignment was designed to encourage students to apply that session's 115 content, and also to add another layer to the experimental design of the Coffee Project.
At the end of each session the small-group or individual ideas from the assignments were shared with the rest of the class and incorporated into the protocol for the final experiment. Additional assignments (see Table 1 ) were completed individually by students outside of class.
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A detailed module schedule, similar to that given in Table 1 , was distributed to the students in advance. Resources such as lecture handouts, weekly set reading, references from the literature and photographs were made available to students during the module, in this case via a virtual learning environment. At the end of the module 125 the students carried out the experiment they had designed as a group and used the results, as before, as the basis for an individually assessed journal article.
Staff actively assisted students throughout the module, providing instruction, facilitating discussion, and giving informal verbal feedback during each session. Formal
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written feedback was also provided on the assignments completed by students each week (e.g., the literature review, scientific writing tests, etc., see Table 1 for a complete list). However, the design of the final experiment was decided by the students. The peerreview element of the original Coffee Project was not included in this module design. Critical evaluation of a scientific journal article was covered in a previous module.
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The journal paper assessment was prepared using a real journal template for a 'Communication' with a three-page limit to encourage concise scientific writing. The criteria given in Box 2 were used to assess the journal paper, with each section given a specific weighting, and grades were awarded using the University of Glasgow's in-house marking scale.
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EVALUATION
The ability of the new module to increase students' confidence (or self-efficacy) with certain research tasks was evaluated by means of two questionnaires. Changes in confidence were examined in this study, as increased confidence has been shown to improve both retention 2 and future performance. Our hypothesis was that students' confidence with certain research tasks would be improved following completion of the module. 
Discussion and Conclusion
Are limitations discussed? Is a justified conclusion given? Is future work mentioned?
The questionnaire was first administered during the first lecture of the module; it was administered a second time 9 weeks later. Using a scale of 1-5 (with 1 being "not at all", and 5 being "very"), students were asked to characterize their responses to these questionnaire items:
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 I feel competent to write a paper for a scientific journal.
 I am comfortable discussing the ethical implications of scientific research.
 I feel competent to write an MSc thesis.
 I feel competent to plan a small scientific research project.
 I am comfortable discussing the concept of bias in scientific research.
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 I feel competent to produce a poster for a scientific conference.
 I feel competent to write a risk assessment.
All data were collected in paper format and transferred to MS Excel for analysis.
These data were not analysed until the end of the module. The statistical language R 175 was used to analyse the data, 24 and ggplot2 was used to produce data visualisations. 25 End-of-semester evaluation forms were also given to students at the end of the module, and after the summer projects, as is standard practice. These include a section for free-text comments.
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The results of the two questionnaires, shown as a dot plot in Figure 1 , show an overall increase in confidence score across all questions, indicating an overall increase in student self-efficacy with research skills after completion of the module. Although few 185 of the students felt 'very' confident (a score of 5) with any of these research skills, most students rated their confidence with a score 3 or 4 across the board at the end of the module, with the most pronounced increase observed for discussing bias. The question on 'Writing an MSc thesis' was answered with a score of 2 by three participants at the end of the module. This likely reflects the fact that this was the only session that did 190 not include an assignment (MSc theses are written at the end of the summer projects)
therefore reinforces the importance of active learning. 26 As the data are anonymous, no inference about the self-efficacy of students with different demographics can be made.
The questionnaire data have a number of limitations. Firstly, due to anonymity restrictions associated with ethical approval, these data are not paired. This means it is 
"Using the Coffee Project made it more interesting than just a series of lectures."
However, some students expressed the concern that too much time had been allocated 230 to the Coffee Project, given that it was only worth 10% of the overall module grade. This likely represents a failing on behalf of the authors to explain to students the purpose of the Coffee Project as a mechanism for improving research skills, rather than as a means of producing data for a summative assessment.
The standard of scientific writing in the assessed journal articles was generally 
DISCUSSION
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In this study we aimed to demystify the practice of research by providing students with an authentic and meaningful activity that allowed them to explore the way in which data are generated, analysed and interpreted through experiential learning. 5 The use of the Coffee Project was designed to engage students with a real-life, relevant 250 research topic, and most importantly, to allow the transfer of ownership and control of the learning process to shift from the instructor to the students. 27 The new module emphasises active learning of research concepts, and this resulted in improved engagement, with students showing more interest and curiosity during the sessions. 5 The Coffee Project also had the advantages of creating stronger alignment between each 255 of the module themes, and giving students the opportunity to apply the new concepts they had acquired through engaging in applied research. 1 The decision was made to introduce the students to the Coffee Project concept as early as possible, as it has been noted in similar studies that if they do not understand 260 the research goal early on, they are less interested and their work is less focused and efficient. 13 The use of a simple topic with minimal instrumentation meant that the students were not intimidated by the material, 28 nor were they subject to the cognitive overload associated with having to learn new, complex experimental techniques while exploring. 4 This allowed them to focus on understanding the concepts, processes and 265 attributes that underpin the practice of research. In addition, the taste of coffee is a real-life, relevant topic that many of the students were familiar with and interested in.
A detailed module schedule and timetable were distributed to the students in advance. Giving students these details at the start of a course has been observed to 270 enhance student enthusiasm, involvement and learning. 1 The regular feedback provided to students seemed to enhance student-instructor relations, and resulted in improved student motivation, particularly for the quizzes on the set reading. Quizzes based upon the assigned literature were used in a previous study to encourage students to stay upto-date with required class reading. 4 
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The writing tests in sessions 3 and 12 were designed to specifically target a subset of skills needed by students before they write their first journal article, and reflect the fact that students can struggle with academic writing if their previous experience is limited to lab reports. 13, 19 The journal paper assessment using a template from a real 280 publication has been used successfully in previous studies. 29, 30 Students had learned to use software such as EndNote for referencing, and ChemDraw to produce publicationquality figures for their articles in a previous module.
This module design employs a collaborative approach to problem-solving both in hours, whereas our summer research projects are run over 8-10 weeks.
Future iterations of this teaching method could be improved by either the instructor or peers giving formative feedback on a draft of the journal paper assessment. An additional training session on peer review during the module would help to ensure the quality and reliability of peer comments. 31 Although the journal paper assessment 295 requires the ability to organise raw data into an appropriate format and interpret it in order to reach a conclusion about a hypothesis, 2 this was not covered explicitly in the curriculum. An additional session on evaluating data could now be added using the 2015-16 results as an example dataset. Students could also consider sources of error e.g., taste subjectivity in their experimental design.
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This paper outlines a framework for teaching research skills that, in future, could be applied to other beverages, e.g., cola, orange juice, tea, etc., including an element of student choice, if appropriate.
In terms of staffing resources, the module was designed and delivered with the input of just two instructors. The involvement of additional staff would relieve some of the teaching load, particularly with respect to providing written feedback on regular assignments, and expose the students to a more diverse view of science and research. 6 Finally, a limitation to this module design is the large number of uncontrolled variables that also affect the perceived taste of coffee (see Table 1 for examples), and their importance relative to pH. In future iterations of this module, students will be 310 encouraged to discuss other taste variables, both before and after their final experiment, so as to identify limitations and opportunities for improvement in their protocol.
CONCLUSION
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This article has described a new module for teaching research skills where the students are encouraged to take shared responsibility for an in-class experiment called 
